DISCLAIMER
Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. A variety of system simulation models and design tools have been developed in recent years for wind systems. No single document, however, describes what is available for use by those interested in wind systems. Therefore, a study was undertaken to characterize and document those simulation models and design tools which are currently available in ·either the public domain or the private sector. The purp<>Se of this study was to establish a compendium of existing models and tools which could be .(1) made available to the general public, (2) periodically updated, (3) used as a basis of determining additional needs when user requirements/needs are defined, and (4) used to minimize duplication of efforts in future work.
All models and tools may not have been identified in this limited study, so a periodic update is anticipated that will include items previously missed or recently developed.
Persons aware of items which should be added to this database should contact the Solar Energy Research Institute (SERI). SECTION 2.0 SCOPE SERI solicited information relating only to wind turbine aerodynamic and/or economic performance. While it is recognized that structural dynamics are of vital interest to the wind industry, the applicable codes are not included in this report. Future editions of the report will contain such information.
All of the contractors identified in the Program Summary of the Federal Wind-Energy Program 0/78, DOE/ET-0023/1) having contracts with Rocky Flats, SERI, or NASA-Lewis Research Center were contacted for the information presented in this report. Sandia Laboratories, JBF Scientific, and NASA-LeRC were also contacted. In all, a total of 25 organizations were polled. Seventeen organizations responded, but seven of the respondents chose not to include information about their own codes and some organizations reported more than one code. As a result, 17 individual codes were identified. We did not attempt to contact any independent manufacturers or other investigators, but future data collection hopefully will encompass all identifiable interested parties. We also did not try to validate any of the information received. The individual respondents should be contacted for details or elaboration. All of the codes assume the existence of an infinite bus, that is, the machine is always producing power with an output impedance matching the load input impedance. Thus, all of the available power is assumed to be used. Most of the codes use a single wind speed as input. Such codes are primarily tools for the designer. Loads, torque, and power are part of the output. All but one of the codes (WRFP) are written in FORTRAN or ·. FORTRAN .IV. WRFP .is written in BASIC and may be run on a programmable desk calculator • ROTOR may be run on a minicomputer. All of the other codes are written for mainframe computers.
The SERIES/Winds program allows the inclusion of up to five years of weather data in the analysis and is a tool for economic planners. The Wind Optimization Code, VAWTOP, and Wind Off Design programs automatically optimize a wind turbine design under certain wind speed conditions. F762 and G400 are the only aeroelastic codes reported. Both have been adapted for the a~alysis of HAWT machines. 
Aerovironment version. · cusers manual is the minimum description of the program necessary for its operation·. dProgram manual is a detailed operations manual including instructions for program modifications. e A high speed wind turbine is one in which the linear speed of some portion of the rotating parts is five times or more the oncoming wind speed during normal operations.
-fThe output of these codes includes the loads and power output of a particular wind turbine.
This information is necessary for design. gThe output of these codes includes some information ·on the economic qualitites of the considered system. hsee code description in text. Rotor and support geometry Natural modes, natural frequencies G400 is the successor to F762. Both codes employ elastic coupling between the blades and support.
G400 allows nonlinear blade twist and the resoluti.on of a larger number of natural frequencies than F762 allows. This program is useful for the analysis of high speed horizontal axis wind turbines. This program has been verified with both field and wind tunnel data.
A basic rotor version is available from NASA-Langley for a fee. Rotor geometry, wind speed, tip speed ratio
Loads, torque, power
This program is a design tool for the analysis of high speed horizontal axis wind turbines. It computes the effects of wake interference and tip losses, and the output is in a tabular form. A program manual has been written. The program has been verified with field data. This program is a design tool. Once the wake geometry and rotor geometry are specified, the loads are also specified. This program is useful for the analysis of high speed horizontal axis wind turbines and has been verified with wind tunnel data.
In the public domain
This program could be made available following additional documentation, demonstration, and refinement. The cost to acquire would involve only these activities. In the public domain 
CONCLUSIONS AND RECOMMENDATIONS
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Many codes have been written to describe the performance of HAWT. Most of these are based on the method of Wilson, Lissman, and Walker [1] . There has been little verification of these codes with wind tunnel data by the respondents. Some verification with field data has been undertaken and reported [2] . V AWT theoretical development has lagged behind HAWT development. Only one code useful for the determination of Darrieus aerodynamic performance was reported. It has been verified with both field and wind tunnel data [3] . One giromill program has been verified with wind tunnel data [4] and the other with field data [5] . It is obvious that additional validation is needed of both HAWT and VAWT models.
Noticeably lacking is appreciation for the effect of load feedback on the predicted performance. All of the listed programs operate under the assumption that all of the energy produced will be consumed. This assumption is true only if the supplied power perfectly matches the load requirements at all times. Also lacking is an appreciation for the effects of the control system and transient parameters on the power produced at some instant. These objections are more serious for the economic codes than for the design codes. The design codes resolve the aerodynamic quantities at a single operating point.
The use of the maximum possible power coefficient for all operating conditions will overstate the energy capture because of mismatches between available and required power. A code should be developed which is capable of resolving the aerodynamic input to a wind system, modeling the load, and implementing the control system which optimizes the energy productions. This would serve not only the validation of existing data but also the innovation of design and control strategies specifically optimized for wind turbine use.
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